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SUMI1ARY 


A series  of  tests  were  conduoted  to  determine  the 
perf crmance , the  pressure  and  temperature  distributions, 
and  the  nature  of  the  flow  In  a slde-lnlet  Jet-pump  with 
an  Inboard  nozzle.  This  series  of  tests  were  performed 
on  a pumo  having  a conical  mixing  tube,  a cascaded  side- 
entrance  throat,  a suction  duct,  and  a suction  slot  of 
constant  width. 

The  effects  of  varying  the  primary  Jet  pressure,  the 
pump  pressure  ratio,  and  the  cascades  were  determined,  I 

Pump  pressure  ratio  was  varied  both  with  and  without 
control  of  the  suction-slot  flow  distribution.  Plow 
direction  in  the  suction  duct  between  the  slot  and  the 
throat  was  studied  with  the  aid  of  wool  tufts. 

Performance  curves  are  presented  together  with 
curves  showing  mlxlng-tube,  cross-sectional  distributions 
of  temperature  and  total  pressure  taken  at  several 
survey  stations.  This  report  Is  the  second  in  a 
series  on  side-inlet  Jet  pumps  with  different  taper 

ratio  mixing  tubes.  : 
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INTRODUCTION 

Th'j  side-inlet  steam-to-air  Jet  pump  provides  a simply 
oonstructed  and  compact  air  pump  to  fulfill  the  requirements 
of  a high-speed  aircraft  system  of  wing  circulation  control. 

As  a continuance  of  the  experimental  analysis  of  side-inlet 
steam-to-alr  Jet  pumps,  a conical  mixing-tube  pump  was  tested. 

The  purpose  of  this  report  was  to  organize  the  data 
and  present  the  test  results  in  a manner  usable  for  a com- 
parative evaluation  with  previous  Jet  pump  tests  by  the 
University  of  Wichita.  The  design,  construction  and  tests 
of  the  Jet  pump  were  performed  by  the  University  of  Wichita, 
School  jf  Engineering  under  the  authority  of  Contract 
N-onr  201(01)  from  the  Air  Branch  of  the  Office  of  Naval 
Research . 

SYMBOLS 

D diameter  of  mixing  tube  or  throttling  orifices,  Inches 

f>  density,  slugs/ft^ 

n enthalpy,  BTU/lb 

t temperature, 

p.(;  total  pressure,  Ib/ft^ 

P static  pressure,  Ib/ft^' 

F power,  ft-lb/sec 

J uiec:hanlca.'_  equivalent  of  heat , 778  ft— ib/3TU 

V velocity,  ft/sec 

v local  velocity,  ft/sec 


■I  # 

i 


f ^ 


weight  flow  rata,  Ib/sec 
pressure  ratio  = p^^/p.^^ 
mass  ratio  = Wg/wj 
efficiency  = PcffAin 

Subscripts 

free-stream  or  ambient  conditions 
suction-slot  conditions 
mixing-tube-entrance  threat  conditions 
mixing-tube  exit  conditions 
available  energy 


I 

1 ^ ■ 


3 

J primary  or  Jet  flow 

s secondary  flow 

m mixture  of  primary  and  secondary  flow 

X axial  position  from  the  inboard  end  of  mixing  tube 

in  input 

eff  effective 

TESTS 

The  testing  and  data  recording  were  in  accordance  with 
the  pre-test  report  (Reference  l).  Throat  adjustments  were 
made  to  give  maximum  secondary -air  mass  flow  with  a desirable 
suction-slot  flow-quantity  distribution . All  tests  'were  run 
with  a constant  suction-slot  width. 

The  following  measurements  were  taken: 

1. -  Suction-slot  area. 

2. -  Suction-slot  static  pressure  distribution. 

3. -  Suction-slot  air  temperature. 

4. -  dixlng-tube -entrance  throat  area. 

3.-  Wlxlng-tube-entrance  throat  static  pressure 
distribation. 

6.-  Hixlng-tube-entrance  throat  air  temperature. 
Wlxlng-tube  static-pressure  distribution. 

8. -  liixlng-tube  cross-sectional,  total- pressure 

distribution. 

9. -  i'iixing-tube  cross-sectional,  temperature 

distribution. 

10. -  Steam  temperature. 

11. -  Steam  total  pressure. 

12. -  Barometric  pressure. 

13. -  Mixing-tube  exit: 

Variation  of  the  Jet-pump  throttling  by  suc- 
cessive steps  from  an  open  exit  to  a condition 
of  E.llght  reverse  flow  in  the  suction  slot. 

APPARATTJS 

Figures  1 through  3 show  the  layout  and  the  side -inlet 
jet  pump  construction.  The  inlet  duct,  cascades,  mixing  tube, 
and  blowing  tube  were  fabricated  from  sheet  metal.  The 
suction  slot  and  supporting  framework  were  made  of  wood  and 
angle  iron.  Entrance  points  for  the  primary  and  secondary 
streams  and  their  flow  through  the  Jet  pump  are  shown  schem- 
atically in  figures  1,  2,  a’^d  3. 
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The  'flcdeJ  variables  consisted  of  the  mixing-tube 
entrance  throat  vfidth  and  blowing-tube  exit  throttling. 
Variation  of  the  primary  steam  •f'low  total  pressure  and 
temperature  was  obtained  through  control  of  the  steam 
generator-superheater  system  described  in  reference  2. 
Manometers  and  probes  used  in  the  tests  are  shown  ir 
figure  7 and  also  in  reference  2. 

PERFORliANCE  ANALYSIS 

The  jet-pump  performance  parameters  ;-:ere  detailed 
in  the  pre-test  report  {Ref.  1)  and  in  Reference  2.  An 
attempt  was  made  to  determine  the  influence  of  specific 
impulse  on  performance:  The  results  of  this  attempt  were, 

however,  considered  invalid  since  irregular  mixing  tube 
static  pressure  distribution  occurred.  The  irregularities 
were  presumably  a result  of  off -design  expansion  char- 
acteristics of  the  nozzles  used  to  obtain  the  variation  in 
specific  impulse.  Total  pressure  losses  in  the  suction 
duct  were  dete.r.uined  from  average  velocities  and  pressures 
found  by  integrating  the  flow  quantity  distribution  curves, 

The  approximate  total -pressure  losses  in  the 
suction  duct  were  determined  from  the  relation 


Pi  = Pti  - Pt2  = Pto 

= -Po 


-[(Pto  " P2>  •^iP2V|] 


- ^ P2V| 


The  effective  power  output,  the  power  input,  and  the  ef- 
ficiency were  determined  from  the  following  relations 
from  reference  1. 

Peff  = Ps  (Pt3  - Pti)  qj  vPt3  - Pto) 

Pin  = w^AhJ 
- 

■n 

Pin 

The  mass  ratio  was  expressed  by  the  secondary  to  primary 
weight  flow  ratio, 

d = Wg/Wj. 

Jet-pump  pressure  ratio  was  defined  as  the  ratio  of  the 
mixed-flow  total  pressure,  at  the  final  plane,  to  the 
ambient  total  pressure 


^ Pt3/Pto 


The  available  enei’gy  efficiency  at  any  point  in  the 
mixing  tube  v;as  the  ratio  of  the  local  a-''ailable  energy 
of  the  mixture  to  the  available  energy  of  the  primary 
flow  at  the  nozzle  and  was  expressed  by  the  following 
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RES  jL’IS  and  DISCUSSIOK 

Figures  9 through  11  show  a performance  summary  of  the 
Side-Inlet  stream-to-alr  Jet  pump  having  a tapered  mixing  tube. 
For  the  tests  with  uncontrolled  suction-slot  quantity  distri- 
bution the  pressure  ratio  varied  linearly  as  a function  of  the 
higher  mass  ratios.  This  linearity,  however,  existed  only  to 
the  point  of  Incipient  reverse  flow  In  the  suction  duct.  As 
the  reverse  flow  spread  through  the  suction  duct  and  slot  the 
performance  curve  departed  appreciably  from  the  linear  relation- 
ship. The  tests  with  the  suction-slot  flow  quantity  controlled 
for  distribution  show  a lower  maximum  pressure  ratio,  a more 
rapid  deterlatlon  of  performance  after  suction-slot  reverse  flow 
appeared,  but  exhibited  a better  performance  In  the  region  of 
high  mass  ratios  and  low  pressure  ratios. 

Figure  12  shows  the  distribution  of  the  available  energy. 
Usable  energy  was  available  through  the  mixing  tube  almost  to 
the  diffuser  entrance.  The  location  al  which  the  available 
energy  was  reduced  to  less  than  one  percent  of  the  Initial 
value  was  the  same  for  all  the  pressure  ratios  and  mass  ratios 
tested. 

The  variation  of  suction-duct  total-pressure  loss  with 
flow  quantity  is  shown  In  figure  13.  The  most  losses  were 
experienced  for  the  highest  pressure  ratios.  A linear  Increase 
of  losses  resulted  from  an  Increase  In  secondary  flow  where 
the  pressure  ratio  and  throat  width  were  constant. 

Complete  cascading  of  the  entrance  throat  gave  a hl^er 
mass  ratio  and  better  distribution  of  suction-slot  flow  than 
any  partial  cascade  arrangement  tested  { shuv-rn  by  figui  e 14  ). 

Tuft  pictures  of  the  flow  within  the  suction  duct  (fig.  15) 
showed  the  air  flow  turning  upstream  of  the  cascade  location 
In  the  suction  duct.  The  airflow  divided  at  the  junctux'e  of 
cascades  and  unobstructed  throat. 

Figure  16  gives  the  throat  widths  required  for  the 
slot  quantity  distribution.  Figure  1?  shows  the  effect  of 
cascade  arrangement,  Jet  total-pressure  vailatlon,  and 
pressure  ratio  variation  on  the  distribution  of  static  pres- 
sure In  the  mixing  - tube  throat.  Runs  11  through  22  show 
only  the  effect  of  pressure  ratio  while  runs  23  through  29 
show  combined  effects  of  pressure  ratio  and  slot  width. 

Variation  of  the  Jet  total  pressure  did  not  appreci- 
ably change  cuctlon-slot  quantity  distribution.  Throttling 
the  pump  sufficiently  to  cause  .suction -slot  reverse  flow 
progressively  decreased  the  slot  flow  qu.artlty  with  the 
greatest  effect  occurring  In  the  outboard  area.  Increase  of 
prfissure  ratio  while  maintaining  nearly  UTilform  suction-slot 
quantity  distribution  rosulted  In  a continual  decrease  of 
seconaary  air  flow. 


1 
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The  mixi-ng-tube  static-pressure  distributions  for  the 
various  cascade  arrangements,  jet  total  pressures,  and  pres- 
sure ratios  are  shown  In  figure  18.  Figures  19  and  20  show 
cross-sectional  survey  data  of  mlxlng-tube  total  pressure 
and  temperature  at  several  stations.  Surveys  in  the  Inboard 
portion  of  the  mixing  tube  shov»ed  a low  energy  secondary 
flow  and  a high  energy  primary  flov;  In  their  adjacent  relative 
positions.  In  the  portion  of  the  mixing  tube  approaching  the 
diffuser  the  mlxlng-tube  flow  appeared  mixed  as  indicated  by 
the  total  pressure  profiles,  while  at  the  diffuser  exit  the 
flow  was  almost  completely  mixed.  The  temperature  surveys 
In  the  mixing  tube  supplemented  the  total-pressure  surveys 
and  demonstrated  by  the  low  or  high  temperatures  the  areas 
of  unrnlxed  secondary  and  primary  flow.  Average  Integrated 
values  of  the  horizontal  and  vertical  total-pressure 
profiles  combined  with  the  local  static  pressures  were  used 
to  approximate  "^he  local  available  energy  of  the  fixing 
tube  flow. 

The  performance  analysis  oi'  the  SISA-3  steam-to-alr 
Jet  pump  with  the  side  Inlet  and  tapered  mixing  tube  was 
made  t'^  comparatively  shov?  the  effect  of  mlxlng-tube 
shape.  Also,  this  analysis  shows  the  relative  merits  of 
secondary  airflow  guidance  and  distribution  methods  as 
compared  to  the  cylindrical  mlxlng-tube  pump  of  reference  2. 

CONCLUSIONS 


The  experimental  analysis  of  a slde-lnlet,  steam-to- 
alr  Jet  pump  with  an  inboard  nozzle  and  a conical  mixing 
tube  has  shcv.’n  this  arrangement  to  have  reasonably  low 
losses  for  desirable  suction  slot  quantity  distribution 
properties.  Suction-slot  f lov7-quantlty  distribution  was 
easily  obtained  as  a result  of  the  available  energy 
distribution  through  the  mixing  tube.  Regulation  of  the 
available  energy  stributlon  was  obtained  through  the 
diffuser  action  of  the  conical  mixing  tube. 

A comparative  evaluation  of  the  presented  data  with 
the  data  for  the  cylindrical  mixing  tubo  of  reference  2 
should  provide  sufficient  Information  to  formulate  a design 
procedure  for  the  slde-lnlet  steam  driven  Jet  pump.  Fur- 
ther tests  should,  be  conducted  to  produce  any  specific 
design  to  reduce  the  losses  to  a minimum. 
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TEST  LOG  OP  SISA-3  <TET  PUMP 
Runs  SISA-3-1  through  SISA-3 -29 
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